A coating made in cold from a blend of a chitosan and a gelatin solution was applied to patties made of chilled cod, and its preservative effect was assessed by colour measurements, rheological measurements (hardness, elasticity, 5 cohesiveness, chewiness, gumminess, and adhesiveness), biochemical determinations (total volatile bases and thiobarbituric acid as measures of rancidity) and microbiological assays (total bacterial counts, luminiscent bacteria, enterobacteria, pseudomonas, lactic acid bacteria, and Staphylococcus aureus).
Introduction

5
The use of edible coatings and films is rapidly growing, especially on highly perishable unmodified and/or fresh foods as a means of preventing or delaying spoilage. This is the case of hamburgers made from meat and especially fish patties.
gelatin (8 %) was dissolved in water, first being allowed to swell at 7 ºC for 15 min and then warmed to 55 ºC for 30 min. An amount of 25 % glycerol was added to the gelatin solution, and warming at 55 ºC continued for a further 30 min.
The blended chitosan-gelatin solution was then prepared with 70 parts of the 5 gelatin/glycerol solution and 30 parts of the chitosan solution.
Preparation of the fish patties: Cod fillets were purchased at a local market, and batches of 4 Kg were cut into small pieces and comminuted at low speed (1500 rpm) at 2 ºC in a Stephan homogeneizer (Model UM5; Stephan und Söhne GmbH 10 & Co., Hameln, Germany) for 2 min. A portion of the mince was reserved and the other was homogenized at high speed (3000 rpm) for 3 min. with the following ingredients: 3 % NaCl (Panreac, Barcelona, Spain) and 5 % crushed ice. Next, 2 % egg white (Sanofi, Barcelona, Spain) and 10 % starch (Clearam CH 20, Laisa, Valencia, Spain) were added and homogenization continued for a further 5 min.
15
The resulting batter was blended with the mince reserved (without ingredients) in the relation 40:60 (batter/mince) and divided into three different batches. The first batch without added chitosan was directly moulded into patties and used as a control (batch designation: control). Powdered chitosan (1.5 %) was blended into the mixture in batch number two (batch designation: powder), and patties were 20 formed. The third batch was made into patties, which were dipped into the chitosan-gelatin solution for about 20 s (batch designation: coating). The coating layer gave a weight gain of about 7 %. All patties weighed around 30 g and were moulded with a geometry of 1.5 cm in height and 5.2 cm in diameter. Patties in all Food Hydrocoll. 2005;19(2):303-311 three batches were kept chilled in a forced-air cold room at 2 ºC pending analysis.
At least four patties per batch were used. All analyses were performed after three days in storage, which was used as the first sampling date for all the analyses except the microbiological assays and the total volatile basic nitrogen.
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Proximate analysis of the raw cod was performed according to the procedures of the Association of Official Analytical Chemists for moisture (method 24003), ash (method 1821), and protein (method 24024) [AOAC, 1989) ]. Crude fat was determined according to the method of Bligh and Dyer (1959) . Proximate analysis results were: total protein 16.47 ± 0.25 %; moisture 82.34 ± 0.23 %, total fat 0.82 ± 10 0.06 %, and ash 1.05 ± 0.01 %.
pH:
The initial pH of the cod (7.69 ± 0.03) was measured using a pH meter (MeterLab pHM 93, Radiometer Analytical, Denmark) using a mixture of 10 g of muscle in 100 mL of distilled water. 4º, gap=0,15 mm). Cooling of the chitosan-gelatin blend was performed from 40ºC to 6ºC at a scan rate of 1ºC/min, frequency 0.5 Hz, and oscillating applied target strain of 0.02 mm. The elasticity modulus (G'; Pa), viscosity modulus (G''; Pa), and the phase angle (δ; º), were represented as a function of temperature. Several determinations were performed, being the experimental error always below 6%. homogenized with 90 mL perchloric acid (6 %) to precipitate the muscle proteins.
This was followed by centrifugation at 4,000 x g at 5 ºC for 5 min and distillation of the supernatant (Tecator AB, Kjeltec System, model 1002, Höganäs, Sweden).
The distillate was collected in boric acid (3 %) and titrated with hydrochloric acid The day the fish patties were prepared was taken as day 0. Sampling took place 10 on days 3, 7, 11, and 14 of storage (microbiological and TVBN analyses were also performed on day 0 as well). At least three replications of all analyses were carried out. In order to partial characterise rheological properties of the chitosan-gelatin blend used as a coating of fish patties, changes in viscoelasticity parameters upon cooling from 40ºC to 6ºC were determined (Fig.1) . The blend at 40ºC behaved as a colloidal dispersion where the modulus of viscosity, G'' (0.51 Pa) was considerably higher than the modulus of elasticity, G' (0.13 Pa). As a 5 consequence, the value attained by the phase angle at this temperature was high (75.7 º). Upon cooling, changes in phase angle denoted a relatively broad thermal transition, taking place at around 18-27 ºC. This range of temperatures will define the gelling point of the coating, indicating that it may be stable even at room temperature. Values of G', G'' and phase angle at 22ºC were, respectively, 11.01 10 Pa, 5.79 Pa, and 27.8º. As temperature still decreased the blend exhibited a noticeably increase in G' and G'' achieving at 6ºC values of 3390 Pa and 74.9 Pa, respectively, with a phase angle of 1.3. It is clear from these results, that although at room temperature the coating will not disintegrate, at refrigerated temperatures, which in fact is the recommended storage condition for fish patties, this blend is 15 able to form a strong gel, acting as a thin protective barrier.
Statistical analysis
The fish patty coating had done completely in under 6 h, by which time the chitosan-gelatin blend had gelled and become firm and non-sticky. It was quite natural looking and entirely translucent, with a slight sheen from the gelatin, 20 producing a more uniform and smooth surface. In the case on cooking the fish patties, the coating would turn liquid as the gelatin melted from the heat, leaving the mince patty completely uncoated with no remnants that could be seen or tasted. The lightness value in the colour measurements was initially different in the three different types of patty, being highest in the patties that contained powdered chitosan in the mixture (Fig. 2) Because the patties were made from cod and the blended chitosan-gelatin solution could take on a yellow tone, the value of yellowness (b) was also evaluated. For 10 the most part the values were rather similar and quite uniform, with slight differences (p ≤ 0.05), and the patties that contained the powdered chitosan in the mixture tended to yellow more.
No large differences in colour were reported in others studies on pork sausages, 15 just as slight increased in lightness and yellowness when adding 0.2 % chitosan oligomer (Jo, Lee & Byun, 2001 ) and also no great differences when using 0.1 % chitosan dissolved in acetic acid (Lin & Chao, 2001 ). Moreover, Darmadji and Izumimoto (1994) found out no significant modification on lightness of beef minced meat during incubation at 30 °C for 24 h containing 0.2-1 % chitosan.
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Hardness was similar in the control patties and in the coated patties early in storage (Fig. 3) control batch and in the coated batch during 11 days in storage (Fig. 3) . The fish patties containing the powdered chitosan had higher cohesiveness values initially (p ≤ 0.05), but exhibited similar values over the rest of storage.
Adhesiveness and gumminess (Fig. 4) were similar in behaviour and also similar to 5 hardness. The fish patties containing the powdered chitosan displayed a tendency towards higher adhesiveness values, though this tendency was not always significant, since adhesiveness increased appreciably in the coated patty batch towards at the end of chilled storage. Gumminess, being the product of adhesiveness multiplied by hardness, the differences for this parameter was 10 slightly more pronounced. Elasticity (Fig. 5) as measured by TPA was quite similar in the control batch and the powdered chitosan batch until the end of storage, when elasticity in the powdered chitosan batch decreased. The coated fish patties exhibited higher 15 elasticity at the beginning of storage (p ≤ 0.05). Chewiness was the product of elasticity times gumminess and was influenced particularly by the latter (Fig. 5) .
The values of elasticity measured by the stress-relaxation test after compression for 1 min (Fig. 6 ) were higher than those recorded previously by TPA. The three 20 batches of fish patties initially displayed significant differences. The control batch had the lowest elasticity values (p ≤ 0.05). At the end of storage the coated patties exhibited a certain decrease in elasticity (Fig. 6) , that was also reflected by the other elasticity measurement (Fig. 5) . A noticeable increase in elasticity by stressrelaxation test was also found out in pressurized cod sausages with added 1.5 % chitosan (López-Caballero, Gómez-Guillén, Pérez-Mateos & Montero, 2004) .
On the whole, the coated patties tended to be more like the control patties than the 5 patties that contained the powdered chitosan in the mixture, which means that application of the coating did not bring about large changes in the rheological Cod is a lean fish species, but oxidative changes in the lipids contained in the flesh may still take place, since the lipids are highly vulnerable to oxidation. Table 1 presents the TBA values for the different batches during storage at 2 ºC, that represents the aldehyde level in the lipid-oxidised fraction. The batches were These authors found the higher inhibitory effect when using chitosan with the highest viscosity values, probably due to the presence of a large number of ionic functional groups, which create strong polymers interactions that restrict the chain motion in high-viscosity chitosans, resulting in good oxygen barrier properties. In observed somewhat lower TVBN values probably because the fillets were used whole and as a result did not acquire the same microbial load during handling and thus did not spoil as quickly as the our patties. In addition, the coated patties did not undergo any heat treatment, unlike the fillets in the study by Jeon et al. (2002) .
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Initial total bacterial counts (TBC) in the cod fillets were 4.2 log cfu/g, within the normal range given that they were purchased at a local market and hence were subjected to handling during preparation of the fillets. This value was lower than the value found by Devebere and Boskou (1996) for cod fillets at storage time 0 (10 6 cfu/g). Pseudomonas spp., at 3.5 log cfu/g, made up a major share of the total 10 flora. The lactic acid flora was present at lower concentrations (≈ 2 log cfu/g). Both enterobacteria and staphylococci were below the detection threshold (<1 log cfu/g). Staphylococci were not detected during the storage period considered (14 days), probably because of the low storage temperature (2 ± 1 ºC) employed.
Luminiscent Photobacterium phosphoreum has been reported in fresh and spoiled 15 cod, saithe, and place (Dalgaard, Mejlholm, Christiansen & Huss, 1997) , but in this experiment luminescent bacteria were not detectable either in the raw material (detection threshold: 2 log cfu/g) or in any of the three batches of patties during storage.
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Microorganism counts during storage are depicted in Fig. 8 . Counts increased during preparation of the patties. All three batches followed similar trends, but the coating inhibited microbial growth to a certain extent. Thus, there was a difference of around 2 log cycles between the control and the coated batches for TBC, et al., 2002) . The coating, a blend of chitosan dissolved in acid acetic and gelatin, was observed to exert an inhibitory effect on the gramnegative flora in this study (Fig. 8a-c) .
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At the same time, the presence of the chitosan coating seemed to stimulate growth of the lactic acid bacteria very slightly, probably because surface pH on the coated patties was lower thanks to the acid solution in which the fibre was dissolved ( The addition of powdered chitosan to the mixture of patty ingredients had no effect on bacterial growth (Fig. 8a-d ). This finding can be explained because of the poor insolubility of chitosan at neutral pH and the presence of a significant proportion of uncharged amino groups (Sudharshan, Hoover & Knorr, 1992) . The permeabilizing effects of chitosan were demostrated at slightly acid conditions, in which it is 5 protonated, and the carboxyl and phosphate group of the bacterial surface are anionic and offer potential sites for electrostatic binding of chitosan. (Helander et al., 2001) . Ouattara, Simard, Piette, Bégin and Holley (2000) used antimicrobial films with a chitosan matrix designed to release antimicrobial agents (organic acids) gradually at the product surface and thereby were able to inhibit the growth 10 of enterobacteria.
Presumably, the antimicrobial effect would have been more readily discernible if the initial microbial load in the present experiment had been lower. The effect of coatings chitosan-gelatin of fresh fish products on the lag phase of microbial 15 growth and the efficacy of edible chitosan coatings containing different organic acids applied to fish patties will be the subject of further study.
The microbial counts (Fig. 8) etc. (Gram and Huss, 1996) , resulting in an increase in the basic nitrogen fraction (Fig. 7) . In conclusion, the chitosan-gelatin solution employed allowed cold preparation of a coating that was suitable for preventing fish spoilage and could be applied without need for heating. The coating had good sensory properties, melted away on cooking and hence did not impart any taste to the product, and provided partial protection by delaying spoilage. 
